Presented are the worldwide applied methods of tests to vehicle bumpers under low speed impact conditions. Identified are the purpose of such tests with essential requirements to be met in their performance procedure specified. Also described is rig test to the car bumpers as an alternative issue to the most popular procedures.
Crash tests on motor vehicles are associated with research to determine the level of safety for vehicle users or road users. An image of a high-speed vehicle and then striking a fixed obstacle almost reminiscent of Euro NCAP's tests. Few people realize that there is a similar verification made at low vehicle speeds [10] . What is the significance of such tests? It turns out that huge. US Insurance Institute for Highway Safety statistics show that, for example, in 2000, there were 16.4 million car accidents, of which 82% were non-risk passenger traffic collisions. It was emphasized that 70% of repair costs are related to collisions following low vehicle speed.
The element that first encounters obstacle in front and rear impacts on the vehicle is the outer bumper element. Today it is made of plastic, but in the past it was a steel stamped part. Research involving the assessment of accidental damage resulting from low-speed collisions shows that, the cost of repairing the bodywork can vary by more than five times depending on their resistance to mechanical damage. The cost estimate created in this way is taken into account by insurance companies during the valuation of the insurance premium. It is worth stressing that crash tests at low speeds are also an element of vehicle approval.
Interestingly, there is a lack of universal standardization in the interpretation of crash tests conducted at low speeds. The result is not only the speed of the vehicle (or barrier), but also the different test pattern. For this reason, it is important to analyze the research procedures available on the market.
In university laboratory conditions, it is rarely possible to carry out such crash tests. It is therefore worth noting that alternative job interviews, which may involve some doubt, are worth discussing. 
ECE R42
ECE R42 is one of the regulations on the international (European) list of homologation tests. The full title of the regulations is: "Uniform provisions concerning the approval of vehicles with regard to their front and rear protective devices (bumpers, etc.)" [8] . The Regulations assume that the protection of a motor vehicle is primarily provided by external components that have direct contact with the obstacle encountered by the vehicle. The test aims to illustrate the potential damage caused by a lowspeed collision. All components of the vehicle should be able to withstand the impact of the tests. It is also not permitted to cause serious damage that would prevent further operation of the vehicle.
The striking element may be mounted on a horizontally moving auxiliary system or be part of a pendulum. The rules specify two types of tests: frontal and corner. The frontal test consists of two hits in the front bumper and two hits in the rear bumper. One strike corresponds to an unladen vehicle, the other one to be loaded. The tested vehicle should be struck at 4 km / h. In case of corner test the impact is carried out on both sides of the vehicle. It should be at 30° at 2.5 km/h. 
FMVSS 581
Defined by the Federal Motor Vehicle Safety Standards (FMVSS), the 581 "Bumper Standard" homologation regulation is an American equivalent of the European ECE R42 test [9] . However, one must be aware of the differences between these tests. Contrary to ECE R42 regulations, the FMVSS regulation 581 requires the introduction of a vehicle which then moves only with inertia forces. Towing is typical. When all the broadly defined test conditions are met, the vehicle accelerated to 2.3 mph should hit the opposite obstacle. It is also recommended to perform side impacts at a speed of 1.3 mph. Alternatively, crash tests can be carried out using the pendulum system [3] . 
RCAR
RCAR's activities since 1972 have been aimed at extending the development of bumper systems and energy-efficient systems to automotive manufacturers. It includes To eliminate damage caused by collisions, which did not have to come. It was always critical to reduce the cost of car body production if it appeared to interfere with the most common bumper system and eliminated the crossbar, for example, by replacing it with less durable solutions.
The basic frontal impact test involves towing the car, speeding it up to 10 km/h, and striking a rigidly fixed obstacle [4, 6] . The side test is performed as an extra, but its results are equally important. The test results and vehicle inspections show that motor vehicle manufacturers often do not use any system that could improve the protection of the lateral vehicle zones during collisions at low speeds. Unfortunately, soft construction often contributes to damage to the elements just behind the bumper, mudguards, lamps, radiators and engine compartment cover. Characteristic for this test is that the test object only in 15% coincides with the set against the obstacle. The impact is at 5 km/h.
More and more emphasis is also put on the fact that all manufactured vehicles have bumpers at the same height. As a result of differences in the height of bumpers, the costs of repairing vehicles are significantly increased after a collision [1, 5] . The method of loading the selected structures depends primarily on the nature of planned tests. Static tests are perfect for all kinds of dynamometers. Alternatively, hydraulic or pneumatic systems are available. For dynamic tests referring to homologation tests, different types of pendulums are recommended. Their design differs primarily by the shape of the striking element.
In addition to the standard displacement measurements, the study should be extended to measure strain by using resistive strain measurements. This allows for a careful observation of the reaction of an element to a given load. Such information may be used in the future to propose structural changes to increase the strength of the test element or change the material.
It is common practice to perform endurance simulations before laboratory testing begins. Contrary to appearances, they are not intended to replace laboratory testing, but merely serve to create an overall picture of the research. Due to them, one cannot only optimize the test stand based on e.g. predicted displacements, but also deploy strain gauges so that they are in areas that one wants to investigate [2] . The results of laboratory and simulation tests show differences among themselves, which may arise even from the construction of material models and the level of their simplification in the virtual environment, material instability in the entire volume range of the material to be tested, or numerical accuracy.
Conclusions
Vehicle strength testing procedures in terms of their impact resistance at low speed vehicles are not ultimately standardized. On the other hand, it can be assumed that they are described by two groups of studies. The first is homologation testing where the impact velocity is 4 km/h in frontal impact and 2.5 km/h in side impact. The second group is a study aimed at estimating vehicle repair costs. In this case, the world usually uses a speed of 10 km/h. Similarly, the same crash test procedures can be grouped. In homologation tests, the vehicle is most often struck by a pendulum or moving barrier. On the other hand, for other groups, the vehicle is towed towards the immobilized obstacle. Stand-alone tests will probably never replace the entire vehicle test, but will be used where strength analysis of a single component is required. In the context of the research conducted on the outer bumper element, it should be emphasized that the image of displacement and deformation recorded in this way may allow for the accurate recording of damage resulting from preestablished burdens, which directly relates to the concept of crash tests performed at low speeds. Such results are a valuable source of knowledge not only for potential damage, but also for the cost of repairing them. Although the use of this method for manufacturing elements will probably already be known in some sense, such prototype research opens up access to the knowledge that can be used before a given element or system is considered to be constructively ready.
